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Brain Development: The Questions

How does the brain change during childhood?
During adolescence?

Can we detect spatial and temporal patterns
that help explain cognitive and social
development during various maturational
stages”?
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Growing Brains
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The brain has reached 90% of its
adult value by approximately 7 years
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Given that relatively little change 1s

occurring in overall measures of brain
growth, it might be more interesting to
look at the dynamic changes going on

within various brain tissues such as
gray and white matter during the child
and adolescent years.
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Sculpting the Postnatal Brain

What kinds of cellular changes are occurring that
could give rise to the dynamic brain changes we
observe during childhood and adolescence?

Myelination (increased speed — |RAAUEGAIUEISEE

'
of transmission). \*,
Synaptic pruning (increased X[
efficiency-decreased
plasticity).
Synaptogenesis?
Neurogenesis?

Only post-mortem and animal studies can tell.
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Surface Based Methods

Central

Paracentral Precentral

Anterior Cingulate S”F’S\”"r Frontal o ) _/Superior Temporal
Outer/Segment i ‘ . /" Ascending Branch
/ N\ =

Subpg{jetal

Parieto-occipital

~

~

Posterior
Calcarine

Inferior Frontal

Coll;;teral Superior Rostral

N
Inferior R | Sylvian \  Superior Temporal
* p \ 3
Temporo-occipital \ nferior Rostral e g \  Posterior Branch

Superior Callosal Inferior Callosal Superior Temporal

ATTENTION/PLANNING

SENSORY SELF CONTROL

VISUO-
SPATIAL

LANGUAGE
(mainly left hem.) MEMORY

E.R. Sowell




———ourface Creation, Flatmapping, and Warping

Surface extraction and

drawi
Flatmaps and warping / curve drawing
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4D UCF file
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Annualized Rate of Change in Cortical Thickness

Sowell, et al., 2004, J Neuro

E.R. Sowell



Gray Matter Statistical Map

Sowell, et al., 2004, J Neuro
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Gray matter density
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Newsweek

Tuesday, February 28, 2000
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In the frontal lobes,
Frontal lobes, which unused circuits get
control planning pruned hack well
and judgment, are into the 20s
still immature

Parietal lobes, seat of Subcortical regions

visual/spatial ahility, change, perhaps as

lose gray matter habits are laid down
through the age of 16

°

Between the Ears, It’s
a Construction Site

"The brain, say textbooks, is mostly
finished growing and connecting by
the age of 12 or so. But new studies
using MRI show that puberty brings
ancuronal growth spurt, followed

by the loss of circuits that are not used.
Might the pattern of maturation even
explain tongue studs?
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How do developmental changes in brain
structure relate to brain function and
cognitive abilities?

While 1t 1s tempting to speculate that

protracted frontal lobe development 1s at
the root of adolescent behavioral
eccentricities, unfortunately little 1s yet




Gray Matter Thickness Change
Correlated with Change in Vocabulary Score
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Negative Correlations

Sowell, et al., 2004, J Neuro
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Phonological processing change correlated with

thickness change is spatially dissociable from

correlations between motor functioning and thickness

change. Regions in white are positive (improved performance
with increased thickness), and in red are negative (improved
performance with decreased thickness).

From Lu et al., 2007, Cerebral Cortex.
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Shaw et al., Nature, 2006
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Results from these studies suggest that the
direction of relationships between cortical

structure and cognitive function seems to be
dependent on where you look and when.
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General Conclusions: Brain Development

*The tissue within the brain continues to change
dynamically during childhood and adolescence even

after overall growth has ceased.
»Frontal cortices are developing most rapidly
during the adolescent years.
*The primary language cortices show a
unique pattern of development.
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Conclusions: Brain Development

"Perhaps knowing something about cortical

structure and brain activation patterns will better

predict cognitive abilities than age alone. This

might eventually be useful in developing

education strategies that are not solely age-based.
*We are only 1n the beginning stages of
understanding how the brain develops and
what factors contribute to changes in brain
structure and function.

E.R. Sowell




Collaborators/Contributors

Data Contributions UCLA
Lisa Lu, Ph.D.
Bradley Peterson, M.D. Elizabeth O’Hare
Columbia University Susan Bookheimer, Ph.D.
Mirella Dapretto, Ph.D.
Christiana Leonard, Ph.D. Paul M. Thompson, Ph.D.

University of Florida Arthur W. Toga, Ph.D.
Eric Kan
Arianne Johnson
Suzanne Houston, M. A.

Funding Support Provided by: NIDA RO1 DA017830
awarded to ERS; NIH/NCRR resource grant P41
RR013642 NIH Roadmap for Medical Research,
Grant U54 RR021813

E.R. Sowell




